A number of chemical srerilants as well as some antibiotic compounds were evaluated in the laboratory and field for reproduction control in the eye gnat Hippelates collusor (Townsend) and the mosquito Culex quinquefasciatus Say. Reproduction control here denotes the suppression of fecundity. It is achieved either through the reduction in the number of ova produced or a decrease in their viability, or both. The materials were made available to the adult eye gnat as sugar baits, water solutions, deposits on glass surfaces, and also as pupal dips. The chemosterilants were offered as sugar solutions on cotton pads, to the adult mosquitoes. Against larval and pupal stages the chemosterilants were tested as water solutions or suspensions.
A number of chemical srerilants as well as some antibiotic compounds were evaluated in the laboratory and field for reproduction control in the eye gnat Hippelates collusor (Townsend) and the mosquito Culex quinquefasciatus Say. Reproduction control here denotes the suppression of fecundity. It is achieved either through the reduction in the number of ova produced or a decrease in their viability, or both. The materials were made available to the adult eye gnat as sugar baits, water solutions, deposits on glass surfaces, and also as pupal dips. The chemosterilants were offered as sugar solutions on cotton pads, to the adult mosquitoes. Against larval and pupal stages the chemosterilants were tested as water solutions or suspensions.
Metepa applied as a contact chemosterilant for 1 hour at 0.8 p.g/cm 2 sterilized both male and female eye gnats. Apholate did not appreciably suppress reproduction when tested by the contact technique. Apholate and metepa also produced high levels of reproduction control when offered in water solutions to gnats of both sexes. Apholate was highly effective at 0.1 per cent in sugar bait, as was Upjohn 14743 (porfirornycin) at safe rates. Olin 53356 at 0.1 to 0.5 per cent in sugar bait yielded complete control of reproduction, while Olin 53264 at 0.01 and 0.05 per cent in sugar bait produced high levels of control. No appreciable control resulted from metepa used for pupal dips. In laboratory screening against adult eye gnats, U-15800 (pactamycin), U-14743 (porfiromycin) and U-4527 gave good control, but this was not true of U-7726 and U-10071 (tubercidin), Olin 53356, Olin 53061, and (Continued inside back cover) THE AUTHOR:
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INTRODUCTION
SEXUAL STERILIZATION has been suggested as a means of insect control or eradication and has been shown to producemore rapid decline of pest populations than would conventional pesticidal applications (Knipling, 1955 (Knipling, , 1959 (Knipling, , 1960 . Much experimental work on the use of chemical sterilants for control of reproduction in insects has already been done, and the concept is being increasingly emphasized. The chemical nature of several of the types of compounds employed in such research programs has been reported by various workers (Alexander, 1960; Boikovee, 1964; Fye, Gouck, and La Brecque, 1965; Kenaga, 1965; Ratcliffe and Ristich, 1965; Ristich, Ratcliffe, andPerlman, 1965) . Smith, La Brecque, and Borkovec (1964) presented a list of promising chemosterilants, and indicated their biological activity against a number of insects.
A comprehensive review of the alkylating agents, including chemical, clinical, biological, and genetic aspects, comprising 57 articles, was published in Annals of the New York Academy of Sciences (1958) . Articles relevant to the work reported here are cited under their respective authors.
The alkylating agents as a group are highly reactive compounds, capable of selective actions against hematopoietic 1 Submitted for publication August 24, 1966. and other proliferating tissues. They are quite diverse in nature, encompassing nitrogen mustards, sulfur mustards, epoxides, ethyleneimines, methane sulfonates, ,B-Iactones, and other compounds (Ross, 1962) . These agents have been shown to induce mutagenic and teratogenic changes in insects, and are suspected of being carcinogenic in mammals. These effects are produced only at certain dosage levels.
The alkylating compounds are included among a large number of mutagenic agents (Zamenhof, 1963) . The relative efficiency of' chemical functional groups in inducing mutagenesis has been discussed by Fahmy and Fahmy (1959) and Auerbach (1958) . Some compounds were shown to produce unusually high proportions of visible mutations (Fahmy and Fahmy, 1956) .
The carcinogenic potency of alkylating agents is not well established. No highly active carcinogen, even for animals, has been found among these compounds (Hays, 1964) . McDonald (1961) has suggested that nitrogen mustards may be co-carcinogenic and not actual carcinogens. The alkylating agents are believed to have a definite place in the treatment of neoplasms, and their therapeutic potential has been amply reviewed (Sykes, Philips, and [ 297 ] Karnofsky, 1956; Hall, 1962) . Teratogenic effects with some chemosterilants have been induced in insects, mammals, birds (Murphy, Delmoro, and Lacon, 1958) , and plant tissues (Koller, 1958) . Hays (1964) has discussed the toxicology of alkylating agents to mammals, antimetabolites, and a few other chemosterilants in detail. Although the alkylating agents at times produce acute manifestations, they are primarily noticed for their chronic effects. The delayed effects are accompanied by selective action against hematopoietic cells of bone marrow and lymphoid tissues, the intestinal mucosa, germ cells and embryos, and other proliferating tissues. Ristich, Ratcliffe, and Perlman (1965) correlated toxicity in mammals to the percentage of aziridine in the ring of apholate and its analogs, and to the types of substituents. Sterilant activity against insects was also found to be related to the aziridine content, as well as to the water solubility of the compound. Water-soluble analogs were shown to be more effective sterilants than those having low water solubility. Ross (1962) discussed several effects of aklylating agents: (1) cytotoxic, in which the cell dies; (2) mutagenic, in which cell division proceeds, but the new cells have been altered; (3) cytostatic, in which cell mitosis is delayed or entirely prevented. One or more of these effects which interfere with the fecundity of an organism may be induced with chemosterilants.
Because mosquitoes are important in terms of public health, and can be readily colonized, they have been subjected to experimentation with chemical sterilants by several workers (Bertram, 1963; Mulla, 1964; Murray and Bickley, 1964; Weidhaas, 1962; Weidhaas and Schmidt, 1963; Weidhaas, Schmidt, and Seabrook, 1962) . A slight degree of resistance to apholate was demonstrated in Aedes aegypti by Hazard et ale (1964) , suggesting that chemosterilants, like other control agents, can lead to development of resistance through na tural selection.
Except for limited studies by Schwartz (1965) , no other work has been reported on the potential use of chemical sterilants against Hippelates species. Flint (1965) used gamma radiation to suppress or inhibit reproduction in Hippelates pusio Loew, and Schwartz (1965) induced complete sterility in this species by feeding tepa, metepa, and apholate in sugar solution.
The data reported here are from studies of a variety of chemical sterilants used against the southern house mosquito, Culex pipiens quinquefasciatus Say, and the eye gnat, Hippelates collusor (Townsend) (Diptera: Chloropidae). Most of the studies were conducted in the laboratory; a few experiments on the eye gnats were performed on field-collected females.
These studies explored the biological activity of several sterilizing chemicals against two insect species in an attempt to learn more about the techniques and procedures by which chemical sterilants may be rapidly assessed and evaluated. Refined studies were not made on some of the compounds. In general, the data obtained were considered adequate for a preliminary estimate of the effectiveness of the compounds. Sterilants were tested both for sex specificity and reproduction control.
MATERIALS AND METHODS

Eye Gnats (Hippelates collusor)
Chemosterilants were evaluated for old. The adults were virgin prior to exeffectiveness against adult H. collusot posure, except those in isolation and gnats that were less than eight hours mating experiments. Ten female and 10 Information on the chemistry of the sterilizing compounds (table 1) was obmale gnats were usually used per treatment. The gnats fed on chemosterilant were contained in small, plastic units provided with water.
The chemosterilants, combined with confectioner's sugar, were exposed in small aluminum dishes. Acetone was added to the mixture to produce a paste or slurry. The acetone evaporated, leaving a dry sugar-chemosterilant residue which was then pulverized and moistened with. water. The chemosterilant was thus mixed with the sugar. Adult gnats were allowed to feed on the mixture for predetermined periods (shown in tables) during which no other food was provided.
After the predetermined feeding period, a number of the units were placed in a screened, plastic cage ( fig.  1 ), and standard food was furnished. This consisted of a mixture of mashed prune-honey paste, dabbed on a small piece of plastic screen. The paste was sprinkled with dried-blood powder to make a dryish-moist food readily acceptable to the gnats.
All experiments were conducted at a room temperature maintained at 80°to 85°F, with a photoperiod of 12 hours. The light intensity from one 4-foot fluorescent tube at the surface containing the experimental units was 40 footcandles.
Eggs were removed, counted and tested for viability twice weekly. Egg viability was determined by placing the eggs on moist blotting papers fitted into small plastic dishes which were then placed in a desiccator at 100 per cent relative humidity, 80°F temperature. After four days, the number of unhatched eggs (which are easily counted) was determined in each treatment, and the balance of hatched eggs was readily obtained.
Reproduction control was determined by the following formula: Chemical description hexamethylphosphoric triamide tris (l-aziridinyl)phosphine oxide tris (2-methyl-1-aziridinyl) phosphine oxide 2,2,4,4,6,6-hexakis(1-aziridinyl)-2,2,4,4,6,6-hexahydro-1,3,5, 2,4,6-triazatriphosphorine N ,N'-p-phenylene-bis-1-aziridine carboxamide N ,N'-(4-methyl-m-phenylene)-bis-1-aziridine carboxamide N ,N' -pentamethylene bis-1-aziridinyl carboxamide N,N'-hexamethylene bis-laziridinyl carboxamide N,N'-hexamethylene bis (2-methyl-l-aziridine) carboxamide bis (l-aziridinvl) 3,4-dichlorophenylureido phosphine oxide 6-amino-l,la,2,8,8a, 8b-hexahydro-8 -(hydroxymethylj-Sa-methoxv-Lodimethyl-, carbamate C2sH38N40 S-exact structure not known triphenyl tin acetate triphenyl tin chloride triphenyl tin hydroxide tained from a recent list by Kenaga (1966) , or furnished by the suppliers.
For easier reference, some information that properly would appear in this section is presented later, under the discussion of individual tests.
Mosquito (Culex pipiens quinquefasciatus Say)
The procedure for evaluation of chemosterilant effectiveness against Culex quinquefasciatus larvae has been outlined elsewhere (Mulla, 1964) . For the present study, the procedure was slightly modified as follows: Between 50 and 150 immature mosquitoes were placed in 100 ml tap water (pH 8 to 8.5) in 6-ounce, wax-paper cups. Each cup was replicated two or three times. Fresh stock solutions of sterilants were made in tap water. In order to obtain the desired concentration, aliquots of the stock solutions were pipetted into the test cups. Materials not soluble in water were dissolved in dimethyl sulfoxide or acetone. Checks or untreated controls were included in each test.
Larvae and pupae. Both larvae and pupae were exposed continuously in the treated cups. Water lost by evaporation was not replenished. Where various exposure periods were to be studied, the larvae were removed from the treated cups at prescribed intervals and transferred to untreated water. The cups containing larvae and pupae were placed in small screened cages (9" x 9" x 12"), and the emerging adults were used in a variety of mating combinations. Male and female virgin mosquitoes were obtained by chilling the adult mosquitoes and separating the sexes during a 24-to 40-hour period after start of emergence. Both males and females are easily distinguished by the unaided eye. Culex quinquefasciat us was found to begin mating after an age of 40 hours or more. Following desired mating crosses, adult mosquitoes were permitted to feed on raisins and on cotton pads soaked in 5 per cent sucrose solution. Blood meals were provided by placing young chicks in the cages for two nights each week.
Egg rafts laid by the females in each treatment were tested for hatch. After three or four days the rafts were transferred into 2 ml of 1 per cent KOH solution and left there for 24 hours (Mulla, 1964) , during which they disintegrated into individual eggs. Following raft disintegration, the suspension was brought to 10-ml volume by adding 8 ml of tap water. Aliquots of the egg suspension were streaked out on strips of filter paper, and the number of hatched and unhatched eggs was counted ( fig. 2) with the aid of a dissecting microscope. The operculum, or cap, in hatched eggs was easily visible under low-power magnification. This procedure proved a convenient and reliable method of determining hatched eggs.
The degree of control of reproduction and the extent of effective sterilization were calculated by the same formula as that used for the eye gnats (p. 299) .
Adults. Mosquitoes less than 42 hours old were used-either 25 or 50 of each sex per treatment. They were chilled, segregated according to sex by means of an aspirator, and placed in small screened cages (9" x 9" x 12"). The insects were provided with cotton pads soaked in 100 ml of 5 per cent sugar solution containing the desired concentration of sterilant. Evaporation of water from the cotton pads tended to change the initial concentrations, provided the materials were stable. Water loss was not replenished. Mosquitoes were given the opportunity to feed on the treated cotton pads for a given period and were then fed on raisins and on the cotton pads soaked in 5 per cent sugar solution. Small chicks were placed in the cages two nights a week to provide blood meals. Oviposition, egg viability, and decrease in reproduction were evaluated in the same manner as that described for eye gnats and mosquito larval treatments.
Age and mating
In order to assess chemosterilant activity, virgin males and females have to be studied first. It is difficult to sex either Hippelates collusor (Townsend) or H. pusio Locw in the adult stage, and RESULTS AND DISCUSSION Eye Gnats it is impossible to do so in the pupal or larval stage at the present time. Isolation of single pupae, in vials, to obtain virgin individuals is tedious, and the survival of the emerging gnats is poor. To obtain virgin females for chemosteri-lant studies, it became necessary to determine the mating age of eye gnats, especially of the females. Two experiments were therefore conducted with H. collusor and H. pusio, after emergence.
Females were isolated from males at intervals of 4, 24, 48 and 72 hours after emergence. Ten females were placed in each unit and each treatment was replicated twice. Checks (10 of each sex of like age) were also included with each isolation experiment. The eggs obtained over a period of 21 to 22 days were studied for viability.
In H. collusor the noninseminated, isolated females laid essentially the same number of eggs as did the checks for each interval (table 2) .
No viability "vas observed in eggs of females isolated 4, 24, and 48 hours after emergence. Viability of eggs laid by females in corresponding checks was within the normal range. In the 72-hour isolated population, some mating occurred as indicated by a low level of egg viability. It should be noted that, unlike the mosquito, absence of males in H. collusor had no effect on the number of eggs laid by the isolated females ( From these studies it was concluded that eye gnat females are virgin up to the age of 48 hours. On the basis of this conclusion, virgin females for further experimental work were obtained, from mixed populations, before they attained the age of 48 hours. This technique made it much easier to obtain the desired number of virgin females from mixed populations reared in routine colonies.
The average maximum number of eggs laid per female of H. collusor during the 21-day period was' 79. These eggs were laid by females kept together with males, and the average is based on the initial number of females; it does not take into account those that died before termination of the experiment. The average minimum number of eggs laid was about 50. Assuming the longevity of gnats to be over 40 days, it would be reasonable to conclude that each gnat female could lay up to 100 to 180 eggs. The fecundity of H. pusio, however, was not so high in these tests as in the laboratory colonies. H. pusio is able to produce a more vigorous colony than H. collusor; however, the test conditions and those in the laboratory were not similar. Survival at subsequent life stages might account for the differences.
Sex specificity of sterilants
Numerous experiments were conducted to determine the sex specificity of a number of chemical sterilants.
Mete;pa was tested as a contact sterilant, in 25-ml Erlenmeyer flasks, in the same manner as that described for insecticidal deposits (Georghiou and Mulla, 1961) t In one of these replicates no female mortality was observed. In the three-week test period an average of 94.7 eggs was laid per female. ...
• T = treated; N = not treated. at 0.8 p.gjcm 2 was markedly lower than for the check females. I t is obvious that both sexes can be sterilized by contact with metepa, the females requiring higher doses or longer exposure periods than the males. The ease with which the males can be sterilized was also apparent in fruit flies (Keiser, Steiner, and Kamasaki, 1965) and screw-worm flies, Cochliomyia hominivorax (Coquerel) (Crystal, 1965) .
Reproduction in eye gnats allowed to feed on a 0.01 per cent metepa-water solution for a period of 24 hours was not affected (table 5), regardless of which sex was treated. However, feeding on 0.1 per cent metepa-water solution for the same period of time controlled reproduction drastically when either sex was treated. When both sexes were treated with the sterilant, reproduction control was 100 per cent. From this experiment it also became apparent that the females are not so easily sterilized as are the males. This is true not only of eye gnats, but also of other insect species.
Apholate at 0.1 per cent concentration in sugar bait, with two exposure periods of 24 and 48 hours, induced 305 complete sterility in both sexes (table 6, experiment A). When females were treated, no eggs were deposited; oviposition was not markedly affected when males, only, were treated.
Apholate at the 0.01 per cent level induced partial sterility in males and females. The response of females was not so great as that of males (table 6, experiment B). The response of both sexes was higher at the 0.1 per cent concentration than at 0.01 per cent. At the higher concentration almost complete sterility was obtained when both sexes were treated. When one or the other sex was treated, the sterility was not quite complete. At the higher concentration there does not seem to be a marked difference in the level of reproduction control achieved by treating either sex alone.
The sex specificity of four other experimental sterilants was investigated.
Porfiromycin (U-14743) induced partial sterility in eye gnats when either sex was fed alone, or both sexes were fed together on 1 per cent of this material in sugar-bait mixture (table 7) . When females were treated in any given mating, a drastic decline in oviposition occurred. This is in contrast to the findings of Kohls, Lemin, and O'Connell (1966) who evaluated this compound against house flies and found no suppression of oviposition. However, the experimental conditions of the two tests were quite different. No such decline in oviposition took place when male eye gnats were treated and crossed with untreated females.
Olin 53362 at 0.1 and 1.0 per cent concentrations in sugar bait, offered to gnats for 24 and 48 hours, did not induce appreciable sterility. At the higher concentration the material was toxic to the gnats; at the lower concentration it induced very little, if any, sterility. Oviposition was not markedly influenced in any of the treatments with this material.
Olin 53356 produced marked effects ...
• T = treated; N = not treated.
t Based on two replicates; each had 10 males and 10 females at start of the experiment, which lasted 28 days.
t Fifty per cent mortality of the treated gnats occurred within 24 hours; remaining 50 per cent were used in experiment.
at 0.1 per cent in sugar bait for 24 and 48 hours (table 7) . At 24 hours, this compound induced almost complete sterility when either sex was treated and crossed with the other untreated sex. When both sexes were treated, the induced sterility was 100 per cent. A drastic decline in oviposition occurred when females in a given mating cross were treated. When males, only, were treated in the mating cross, no decline in oviposition was apparent. At 0.5 per cent concentration this material was toxic to the gnats. The relationship of chemical structure to activity is obvious. Olin 53362 is a pentamethylene analog of Olin 53356, a hexamethylene analog having * T = treated; N = not treated. Each treatment had 10 males and 10 females at the start. two additional methyl groups. The latter is more effective as a sterilant than is the former. Olin 53264 was used at 0.01 and 0.05 per cent concentrations, and offered for 24 and 48 hours. The lower concentration induced only partial sterility when either or both sexes were treated. No drastic decline in oviposition was noted in any of the matings in which one or both sexes were treated with the 0.01 per cent concentration (table 7) . At the higher concentration (0.05 per cent), no complete sterility was induced in any of the mating combinations. When males were treated, the level of response to this sterilant was higher than when females, only, were treated. The level of reproduction control, however, was the highest (96 and 99 per cent for 24-and 48-hour feeding periods, respectively) in a mating combination in which both sexes were treated. When females were treated in any given mating, there was a marked decline in oviposition. This is in agreement with the results obtained in similar applications of apholate and other sterilants used in the present study.
Contact exposure
Metepa and apholate were evaluated as contact sterilants, in 25-ml Erlenmeyer flasks, in the same manner as in earlier studies (p. 302) .
Metepa at the rate of 8.0 jJ-g/cm 2 was toxic at both one and four hours (table  8) . At 0.8 jJ-g/cm 2 , this material was toxic at the four-hour period, but induced almost complete sterility in the gnat population exposed to it for one hour. This result is in accord with resul ts of the first test (table 4) .
Apholate was a poor contact sterilant (table 8) . The degree of sterility induced at 80.0 jJ-g/cm 2 was negligible. At the 8.0 and 0.8 jJ-g/cm 2 , the level of sterility was rather low.
The contact method of sterilization offers some interesting possibilities. An effective deposit can be obtained in specially designed traps. The gnats can be directed over the deposit, where contact can be made for a short period, resulting in sterilization. They can then be released back into the environment.
Pupal dip
Metepa was used as a dipping solution for pupae. The pupae were dipped for an instant, and placed on blotting paper. Adults emerging from the treated pupae were confined in egg-laying units. Ten male gnats and 10 females were confined in each of two units per treatment. None of the metepa solutions in which pupae were dipped induced complete sterility in the treated population. Metepa (1 per cent) in water induced a very low level of sterility. Metepa in acetone, and in water plus a surfactant (Atlox G-1256) did not cause any sterility. Further detailed studies on the sterilization of eye gnat pupae are needed.
Drinking water
Two experiments (A, B) were conducted on the effect of apholate offered in drinking water. At the lowest concentration (0.01 per cent), apholate in water caused no appreciable control of reproduction in t.he gnats except after the 72-hour period (table 9). At the 0.1 per cent concentration, suppression of reproduction at all the exposure periods was somewhat higher in experiment A than in B. Almost complete control of reproduction was achieved at the 1.0 per cent concentration level at the three periods in the two experiments. Results of the tests are more or less in agreement, with some variation.
Metepa was also used in drinking water. Gnats of either sex, or both, were treated, and mated. At the 0.01 per cent concentration, metepa in water did not suppress reproduction (table  5) . At 0.1 per cent concentration, complete sterility resulted when both sexes were treated. 'I'reatment of either sex alone resulted in partial sterility. The material was somewhat toxic at the 0.1 per cent concentration, causing considerable mortality and thus a reduction in effectiveness. Eye gnats exposed to 1.0 per cent concentration died at the start of the experiment. Obviously, apholate used as a water treatment is a safer and more effective material for the gnats than is metepa.
Sterilant-sugar baits
Apholate and some other sterilants in sugar baits have been evaluated in other studies dealing with sex specificity, as discussed earlier. • Each test started with 10 males and 10 females, and lasted an average of 26 days.
t 70 per cent mortality of treated gnats. Survivors were tested for sterility. t 50 per cent mortality of treated gnats. Survivors were tested for sterility.
Several new compounds were screened in combination with sugar as bait against mixed sexes of Hippelates collusor.
TheUpjohnseries (If-series) of compounds were screened at three concentrations: 0.01, 0.1 and 1.0 per cent. Two exposure periods were used, 24 and 48 hours. U-15800 (Pactamycin) at 0.01 per cent concentration provided a high level of reproduction control (table 10), resulting in marked decline of egg production. This is in agreement with the results obtained with house flies (Kohls, Lemin, and O'Connell, 1966) . Viability of the eggs laid by the gnats, however, was high. A.t 0.1 per cent this material was toxic. Thus the effective concentration range can be assumed to be between 0.02 to 0.04 per cent.
U-4527 (Acti-dione) was not effective at the lower concentration (0.01 per cent), while at 0.1 per cent, for a 24-hour period, this material produced an 82 per cent reduction in reproduction. The level of reproduction control at 1.0 per cent and 24 hours was 89 per cent. Although the number of eggs laid was drastically reduced, the level of viability was quite high, indicating that U-4527 is less promising as a chemical sterilant. At 0.1 and 1.0 per cent concentrations and 48 hours of exposure, this material was toxic to the gnats.
U-7726, at concentrations of 0.1 and 1.0 per cent, for 24-and 48-hour periods, was ineffective. This compound at 1.0 per cent concentration and continuous exposure completely inhibited reproduction in the housefly (Musca domestica) (Kohls, Lemin, and O'Connell, 1966) . At the shorter exposure period (at 1.0 per cent concentration), the level of reproduction control was markedly higher than that achieved with the 48-hour period. The negative correlation with the length of exposure period cannot be explained at present. This unexpected variation could have resulted from unknown errors in the experiment. U-I0071 (tubercidin) at the 1.0 per cent concentration yielded similar unexpected results for the two feeding periods. Both of these materials are considered to have low levels of effecti veness as sterilants.
U-14743 (Porfiromycin), at 0.1 per cent concentration induced a low level of sterility, but at 1.0 per cent this material produced a high level of reproduction control. A drastic decline in oviposition and level of viability was noted following the use of this compound. These results, as well as those shown in table 7, are in contrast with the results from house fly treatments (Kohls, Lemin, and O'Connell, 1966) .
From the standpoint of both effectiveness and margin of safety, U-14743 and U-15800 were the most effective chemical sterilants among the U-series of compounds.
The Olin series of compounds were evaluated at three concentrations: 0.01, 0.1, and 1.0 per cent. Olin 53264 at 0.01 per cent, offered for 24-and 48-hour periods, was ineffectivee It was effective at 1.0 per cent concentration (table 10) but showed considerable toxicity. Olin 53356 at 0.1 per cent at the 24-and 48-hour periods was also effective. A direct relationship was noted between level of reproduction control and length -of exposure period. Olin 53061 and 53362 at 0.1 per cent concentration were ineffective. At the higher concencentration (1.0 per cent), the former material produced a high level of reproduction control at the 48-hour period. Here, also, a direct relationship between level of reproduction control and length of feeding period was noted.
Olin 53247 at 0.1 and 1.0 per cent concentration was ineffective at both periods. Olin 53139 at 0.1 per cent, offered for 24 and 48 hours, produced complete control of reproduction without any noticeable toxicity to the gnats.
Among this series of compounds, Olin 53139 is the most outstanding against adult eye gnats, and was also found to be effective against mosquito larvae and adults. Next in effectiveness were Olin 53264 and 53356. These three compounds are carboxamides, with Olin 53139 and 53356 being closely related. As in previous sex-specificity tests (table 7) , Olin 53362 showed little effectiveness in reproduction control.
Eastman inhibitor HPT in sugar bait was evaluated at 0.01, 0.1 and 1.0 per cent concentrations at 24-and 48-hour periods. It resulted in a high level of reproduction control at 0.1 per cent concentration (table 10) . A direct relationship was observed between level of reproduction control and length of exposure period. At the 1.0 per cent concentration, this material was toxic to the gnats. These studies indicate that the safe level of effective concentration of this compound would be around 0.2 to 0.4 per cent, in sugar bait, and that from the standpoint of acute mammalian toxicity, HPT shows some promise as a sterilizing agent for eye gnat control.
Acti-dione oxime, tested at similar concentrations as HPT, was ineffective. Three other compounds, two of General Chemicals (GC-6936, GC-8993) and one 
Field experiments
Because apholate was highly effective against laboratory-reared populations of Hippelates collusor, we decided to test the material against field populations.
Methods. Eye gnats were collected in portable traps made from polyethylene funnels (4" long x 3 1 h" outside diameter) attached to inverted 16-ounce polystyrene food containers (fig. 3) . The bottom of each container was removed by applying a heated Mason jar lid. Two Ilk-inch holes were poked into opposite sides of the container, 2 inches from the inverted top. The holes were covered with 8-mesh hardware cloth soldered into the container. The hardware cloth excluded larger flies from the trap. Funnel and container were soldered together at the edges. The joint was supported by two strips of lh-inch fine copper wire about 1 inch long, soldered to the inside of the funnel and the outside of the inverted plastic container. The soldering iron was run along the inside edge of the container to smooth the joined surface and seal any openings.
An inverted paper cup with the bottom removed was lined with a 4" x 2" x 8" plastic bag into which bait was placed. The open end was then covered with cheesecloth and pushed up into the plastic container attached to the funnel. A 7-dram glass vial was inverted over the narrow funnel opening, for collecting the gnats. The vial was easily removed and corked. Live gnats thus trapped were used in the experiments.
The traps were hung 3 feet aboveground in eye gnat-infested citrus groves and date gardens. The gnats attracted to the egg bait in the field were mostly females; only 5 to 10 per cent were males. The females were of unknown age, and most of them were parous. The~verage female contains ...
• Gnats collected in field with egg-bait attractant; allowed to feed on apholate in the field and then kept in the laboratory for 28 days. Fed honey, prune, and blood-meal wick during that period.
t Based upon two replicates, each with 10 treated females and 10 nontreated males from laboratory colony. eggs of stages 5 to 6 (Mulla, unpublished data) if the gonotrophic cycle is divided into 10 stages (Adams and Mulla, 1967a, b) . It was of considerable interest to determine whether such parous females could be irreversibly sterilized. Temperature during the exposure period of the sterilants in the field was 90 to 100.0 F; relative humidity was 5 to 15 per cent.
After exposure, the females were transferred to the plastic units used in laboratory experiments for egg laying, and maintained in the laboratory in a manner described earlier. Male gnats in equal ratio, from a laboratory colony, were added to each unit to assure an adequate supply of males for mating. The females deposited eggs for a period of three to four weeks, and the extent of reproduction decline was determined in the same manner as described for the laboratory studies.
Apholate was offered to the fieldcollected gnats at 0.5, 1.0, and 2.0 per cent concentrations in tap water, for periods of one half, one and two hours. After this exposure period, the gnats were kept on untreated water and food for 28 days, and the level of fecundity was determined.
The treatment was highly effective (table 11) . At the lowest exposure period (one half hour), the lowest con.. centration (0.5 per cent) produced a high level of reproduction control. At the 1.0 per cent concentration, reproduction control was almost 100 per cent. With all the apholate treatments, there was a drastic reduction in oviposition.
Apholate mixed in sugar at 0.1, 0.5, 1.0, 2.0 and 5.0 per cent concentrations and offered for two and four hours did not yield a high level of reproduction control (table 12) . Even at 5 per cent concentration and an exposure period of four hours, apholate in sugar produced only 60 per cent control of reproduction. An exposure of 0.1 per cent apholate in sugar for 24 hours, however, produced complete sterility in the gnats (not shown in table 12). Generally, a marked reduction in oviposition was noticed in most of the apholate-treated gnats. ..
• Gnats collected in field in egg-bait traps, and fed apholate. Fed honey, prune, and blood meal on wicks after treatments. Experiment lasted 26 days.
t Total based on two replicates, each with 10 males and 10 females.
Sterilization of female eye gnats in the field, with apholate in water, seems promising, and was more effective than in the laboratory. This trend in differential activity is to be expected. The gnats in the laboratory are newly emerged, and are maintained at lower temperature and high humidity (84°F and 60 per cent relative humidity). The demand for water by the laboratory gnats is quite low. On the other hand, field populations maintained at 90°to 100°F and 5 to 15 per cent relative humidity before and during the exposure period, congregated on the water source contaminated with apholate, thus picking up sterilizing dosages in a short period of time. These differences in activity depend, therefore, on the physiological condition of the insect and its immediate environmental parameters. In order to advance fieldscale studies, specially designed traps are required, that would permit automatic treatment of the females, and their automatic release back into the environment. Before such a research program can be embarked upon, many biological facts concerning population dynamics of eye gnats must be determined. The influence on population control of parous females sterilized after they have laid a clutch or two of eggs has to be determined. Another matter to he investigated is whether sterilized females released into the environment utilize the mating capacity of normal males. These and similar questions have to be answered hefore efficacy of chemical sterilants against eye gnats in the field can be critically assessed. One solution to this problem may come through the discovery of attractants for male eye gnats, or release of sterilized males. The latter possibility holds promise if an automatic method for separation of the sexes is developed.
Mosquitoes Survival
Some chemosterilants caused considerable mortality at effective sterilizing concentrations-an undesirable feature for laboratory experimentation. ..
* 50 larvae per wax-paper cup in 100 ml of sterilant solutions. After being exposed, larvae were strained out and transferred to clean tap water,
It was determined that apholate in water, at 0.001 per cent concentration, when used against larvae, had no drastic effect on the extent of pupation, adult emergence, and survival (table  13) . No marked difference was observed between distilled and tap water.
Olin 53264 and Olin 53139 were found to be toxic at 0.01 per cent concentration in tap water (table 14) . The former compound was slightly more toxic to the second-and third-stage larvae than to the fourth, at 0.001 and 0.0001 per cent concentrations. Olin 53139 was toxic at 0.01 and 0.001 per cent concentrations. This compound produced some larvae and pupae mortality at 0.0001 per cent concentration. * 50 larvae per wax-paper cup in 100 ml of sterilant solution in tap water. Total of 100 larvae per treatment. Exposure was continuous. t Olin 53264 dissolves slowly in water; Olin 53139 dissolves instantly.
Egg production and viability
• 25 females were isolated from a mixed population at the indicated intervals after emergence. Checks consisted of 25 females and 25 males. 
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the check, as was the degree of viability. Obviously, Culex quinquefasciatus females are sexually mature and undergo maximum mating during the 72 to 96 hours after emergence. Before that age, the females are not sexually mature and thus do not become fully inseminated. It should be noted that lack of mating resulted in decreased oviposition, a phenomenon which should be considered in studies on chemical sterilants. This finding is in contrast to that with Hippelates collusor and H. pusio, in which absence of mating did not influence oviposition (tables 2 and 3). Differential mortality of males caused by a chemosterilant will deprive the females of full mating and insemination; this will lead to fewer eggs, and thus to misleading results. Male, as well as female, mortalities should be assessed after treatment. Results of tests conducted during the course of these studies in which high male or female mortality occurred were discarded.
Exposure periods
Young and fourth-stage larvae were exposed for various periods to a 0.001 Age and mating
To obtain virgin females, the sexes must be separated in the pupal stage or individual pupae must be isolated. In the first procedure, complete separation of sexes is not always assured; the second procedure requires a great deal of time and effort. To overcome these difficulties it was necessary to determine the age of adult mosquitoes at the time mating occurs.
Twenty-five females were isolated from the males at intervals after emergence. Checks of 25 females and 25 males of like age were also established. The number of egg rafts and eggs, and the percentage of viability were determined for each interval. Two replicates were used per treatment.
Females isolated 24 hours and 42 hours a.fter emergence laid fewer eggs than did the checks, and none of the eggs laid were viable (table 15) . Females isolated 48 hours after emergence also laid fewer eggs than did their respective checks, with viability of 9 per cent as compared with 72 per cent in the check. Number of eggs laid, and their viability increased as the length of the pre-isolation interval increased. Females isolated 72 hours after emergence laid almost as many eggs as did their respective checks, but the percentage of viability was lower. The number of eggs laid by females separated 96 hours after treatment was essentially the same as for the females in For experimental studies, the two Olin compounds have to be used at concentrations that do not impair the survival of va.rious stages of mosquitoes. The tests presented in tables 13 and 14 were undertaken to illustrate this point. From these studies as well as from other unpublished work it seems that practically every sterilant has its own characteristic toxic and sterilizing levels. In general, the margin of safety between these two dosages or concentrations is not sufficiently wide, per cent solution of apholate in tap water and in distilled water. At the end of the exposure period, the larvae were transferred to clean water and provided with food; they were then placed in cages for pupation and adult emergence. Eggs laid by the adults were counted and studied for viability. Apholate in both tap and distilled water caused little reduction in egg viability (table 16 ). The decrease in viability was slightly more pronounced in the tap water (pH 7.5 to 8.0) than in the distilled water (pH 6.5). None of the exposure periods, however, produced marked degrees of reproduction control; therefore, the larvae in subsequent tests were continuously reared in treated water until pupation occurred. The pupae were transferred to clean water for emergence.
Sex specificity
Second-and third-stage larvae were exposed to apholate and metepa, and adult mosquitoes were allowed to feed on cotton pads soaked with the compounds and 5 per cent sucrose solution.
Larvae continuously exposed to 0.002 per cent solution of apholate and 0.01 per cent solution of metepa in tap water were reared to the adult stage. In preliminary studies, these concentrations had been found to sterilize mixed populations. Proper mating crosses were made by using 25 females and 25 males per treatment. When apholate-sterilized males (T) were crossed with fertile females (N), a large number of eggs were laid, but none hatched; thus, control of reproduction was complete (table 17) . A similar mating technique with metepa produced the normal complement of eggs, a small percentage of which hatched. By reversing the mating (fertile males + sterile females) , egg production was completely eliminated in the apholate-treated females, and the number of eggs laid by metepa-treated females was markedly lower than in the previous treatment or the check. A mating cross of both sterile males and females also resulted in no oviposition following the apholate treatment, and in very few eggs being laid after the metepa treatment. The highest degree
of sterilization was obtained when both males and females were treated with metepa. As in previous studies (table  15) , females isolated from males at the start of the test produced a much smaller number of eggs as compared with the check. Sex specificity of apholate (0.01 per cent and metepa (0.1 per cent) against the adult mosquitoes was also studied (table 18) . Here various feeding periods were employed. Matings of apholatesterilized males (fed for 16 and 24 hours) with fertile females resulted in a large number of eggs laid, but only a small fraction of them hatched. A mating of sterilized males and females (fed for 24 hours on apholate) yielded a smaller number of eggs, none of which hatched.
A study was also made of reverse matings In which females had been sterilized with apholate by extending the feeding period. This extension was necessary to effect sterilization, possibly because females do not feed on soaked cotton pads as readily as do males. Or it may be that a higher concentration of sterilants is needed to impair female fertility markedly. The results of three exposure periods tend to confirm these suppositions. Females fed for 24 hours on apholate, and crossed with fertile males, produced some eggs, a few of which hatched. However, extending the feeding period to 48 hours resulted in the deposition of only 26 eggs of which 14 hatched, yielding 99+ per cent control of reproduction. Further extension of the feeding period to 72 and 96 hours prevented egg deposition. It is thus obvious that males are much more readily sterilized than are females. This observation is also true for eye gnats (see tables 4, 5, and 6), fruit flies (Keiser, Steiner, and Kamasaki, 1965) and screw-worm flies (Crystal, 1965) .
The sex specificity of metepa with adult mosquitoes was similar to that of apholate. Matings of males sterilized by metepa with fertile females caused little reduction in egg production, but decreased the percentage of viability as the males' feeding period on metepa increased. I t is interesting to note that only a small percentage of eggs hatched, indicating either resistant sperm or resistant individual males in the population. When the mating was reversed, i.e., sterilized females crossed with fertile males, fewer eggs were produced. The number of eggs deposited decreased as the feeding period increased from 8 hours to 48 hours (table 18) . No eggs were laid after the 48-hour feeding period, indicating complete control of reproduction.
Mating between metepa-sterilized males and females produced results similar to those with single-sex sterilized matings. As the feeding period increased, the number of eggs deposited markedly decreased, producing effects similar to those in the tests in which females alone were sterilized. Females isolated from the males deposited fewer eggs, as usual, than did the checks, and none of the eggs hatched.
Data. presented in tables 17 and 18 show that, in larval exposures to apholate, sterilization of both sexes results in reproduction control similar to that obtained by sterilization of either sex. The results with metepa, although not so conclusive, show a similar pattern. This same trend is more or less obvious for adults sterilized with apholate or metepa. Sterilization of either sex produced results similar to those from matings between both sexes, sterilized.
Tests against immature stages
Five Olin compounds, four Upjohn compounds (U-series), and Eastman inhibitor HPT were evaluated against second-, third-, and fourth-stage larvae, and pupae. These studies were preliminary in nature, aimed at finding the relative effectiveness. Exposure was continuous for the larvae until pupation took place. Pupae were also exposed continuously in the treated water until all the adults emerged. In each case, 25 female and 25 male emerging mosquitoes were segregated in each cage, for assessment of their reproductive capacity in a manner described earlier.
Olin 53139 caused 69 per cent reduction in reproduction when second-and third-stage larvae were exposed at the 0.0001per cent concentration. At 0.0005 per cent the immature stages did not develop to the adult stage. It is possible that an effective sterilizing dosage lies between these two concentrations, indicating a narrow margin of safety for this compound against the young larvae. The same trend was observed with the fourth-stage larvae, except that at 0.0001 per cent reproduction control was lower than for the second-and third-stage larvae.
Olin 53264 produced results similar to those with Olin 53139, except that it had to be used at higher concentrations.
Olin 53362 reduced reproduction markedly at 0.0001 per cent concentration when the second-, third-, and fourth-stage larvae were exposed. At 0.001 per cent and higher concentrations, this compound was toxic to larvae. Effective concentration possibly lies between 0.0001 and 0.001 per cent, again pointing to the lower margin of safety for this compound. While the margin of safety must be wide in field studies, that noted here would possibly pose no serious problems in the laboratory. Up to 0.01 per cent concentration, Olin 53362 was not an effective sterilant against the pupae.
Olin 53356 at 0.002 per cent resulted in 99 per cent control of reproduction when used against second-and thirdstage larvae. Against fourth-stage larvae it gave 79 per cent controL At higher concentrations, there was evidence of interference with larval and pupal development, and against pupae, the compound was ineffective.
Olin 53061 was insoluble in water or 321 acetone, and had to be solubilized in dimethyl sulfoxide (DMSO). This compound was found to be essentially ineffective against both larvae and pupae. U-10071 effected good control of reproduction at 0.001 per cent when second-, third-, and fourth-stage larvae were exposed. An effective sterilizing concentration for this compound, to induce complete sterility, lies above this leveL U-15800 at the 0.001 per cent concentration was toxic to the larvae. Its range of activity against larvae is therefore still undetermined.
U-7726 gave good reproduction control.
U-14743 gave complete control of reproduction at 0.001 per cent concentration. It produced certain abnormalities in the tracheal system of the larvae that resulted in convoluted tracheal trunks. Larvae contracted and assumed wavy shapes.
Of the experimental compounds evaluated, Olin 53362 and 53356, and U-7726 and U-14743 are quite promising, based on their initial biological activity, as well as margin of safety.
Eastman inhibitor HPT, a supposedly less toxic chemosterilant, resulted in mediocre reduction in reproduction at 0.005 per cent and 0.01 per cent concentrations. At a slightly higher concentration (0.05 per cent), this material proved toxic to the larvae. Against pupae, it was not effective up to a concentration of 0.1 per cent.
Reproduction control in adults
Four Olin compounds and four Upjohn (D-series) compounds were evaluated against adult mosquitoes, with both sexes receiving treatment. Mosquito adults that were 24 hours old were segregated; 25 females and 25 males were used per treatment. The feeding period on the various concentrations of the sterilants in 5 per cent sucrose solution was either 24 or 48 hours. Olin 53139 at 0.01 per cent concentration gave complete reproduction control ( table 19) . Very few eggs were laid by the females.
Olin 53264 effected only mediocre control at 0.01 per cent concentration. It was not evaluated at a higher concentration, where the complete sterilization potential possibly lies.
Olin 53362 produced total sterility at 0.01 per cent concentration, completely eliminating egg production. Reproduction control was 96 per cent at the 0.01 per cent concentration, suggesting that this compound is equivalent to Olin 53139.
Olin 53356 produced complete sterility at 0.01 per cent concentration, indicating that it is slightly more effe~ tive than Olin 53362.
U-10071 caused considerable sterility at 0.01 per cent concentration when fed to mosquitoes for 48 hours (table 19) . The concentration producing complete sterility has not been determined and probably lies slightly above that used in this study.
U-15800 showed the same trend, in which sterilizing concentration lies slightly above the 0.01 per cent concentration level. U-7726 at 0.01 per cent concentration, when fed to adult mosquitoes for either 24 or 48 hours, produced no sterility.
U-14743, used against larvae, was found to be more effective than the other Ll-series compounds, At the 0.01 per cent concentration, this compound produced almost complete sterility when fed upon by adults for 24 hours. Extending the feeding period to 48 hours caused complete mortality of the adults.
From the data in table 19, it is apparent that Olin 53139, Olin 53362, Olin 53356, and U-14743 are quite promising sterilizing chemicals when used against adult mosquitoes.
The data presented in this paper clearly demonstrate the efficacy of chemical sterilants as a tool for the control or eradication of insects harmful to humans and animals. Much more work in both the laboratory and field is needed before chemical sterilants can be employed in operational programs. Biological parameters, behavior, ecological trends, and other fundamental problems in relation to the use of chem-323 ical sterilants have to be studied in experimental, area-wide programs before recommendations can be made for practical vector-control programs.
(
Olin 53139 produced good to complete suppression, while Olin 53362, and Olin 53247 produced low levels of reproduction control. Eastman Inhibitor HPT at 0.1 and 1.0 per cent resulted in good to complete suppression; Acti-dione Oxime, GC-6936, GC-8993, and Dowco 186 yielded low to moderate levels of control.
In the field, female eye gnats (attractant available for females only) were readily sterilized with apholate offered in sugar bait or water solution. Merepa as a contact material also readily sterilized the natural populations of female gnats.
Against mosquito larvae, apholate (0.002 per cent water solution) yielded complete control of reproduction in the resulting adults, while metepa at 0.01 per cent water solution gave a very high level of control. Both materials at 0.01 and 0.1 per cent, respectively, yielded good to complete control. Apholate used in this manner proved over 10 times as effective as metepa. Against larvae, none of the Olin series of compounds (with the exception of Olin 53356) showed any appreciable activity, and none was found effective against pupae. U-7726 against larvae suppressed reproduction markedly, V-10071 produced a moderate reduction, while U-14743 resulted in complete control. Results with U-15800 are inconclusivee Sugar baits of Olin 53139, Olin 53356, and Olin 53362, used against adult mosquitoes, completely suppressed reproduction. U-10071 and V-15800, offered as sugar bait to the adult mosquito, yielded a high level of control; with U-14743, control was almost complete. U-7726 was not effective at the concentrations used.
In general, the margin of safety between sterilizing concentrations and those causing appreciable mortality was found to be narrow. This would possibly pose some problems in the sterilization of laboratory and field populations of insects. The full potential of chemosterilants for the control or eradication of insects harmful to humans and animals is not well established as yet. Many more fundamental studies will have to be conducted before these potentially useful compounds can be recommended for the control or eradication of insects.
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